• Premise of the study: Multiplexed microsatellite markers were developed for population genetic studies in the pseudometallophyte Noccaea caerulescens (Brassicaceae), a model species to investigate metal tolerance and hyperaccumulation in higher plants.
• Methods and Results: Microsatellite loci were isolated through pyrosequencing of an enriched DNA library. Three multiplexes combining four previously published and 17 newly designed markers were developed. The new markers were screened in metallicolous and nonmetallicolous populations from southern France. The total number of alleles per locus ranged from fi ve to 18. The observed heterozygosity per locus and per population ranged from 0 to 0.83, and expected heterozygosity ranged from 0 to 0.89.
• Conclusions: The investigated loci showed reasonable to high levels of polymorphism at the regional scale. The multiplex set should be helpful in investigating genetic diversity, population structure, and demographic history in N. caerulescens at various spatial scales. Genome blocks in the "ancestral karyotype" blocks ( Schranz et al., 2006 ) . c Following Godé et al. (2012) , touchdown PCR was performed. During the fi rst 10 cycles, annealing temperature was decreased from 68 ° C to 50 ° C in increments of 2 ° C. This was followed by 27 cycles with an annealing temperature at 47 All (ISEM) and at Laboratoire Évolution Écologie et Paléontologie (Evo-Eco-Paleo), with requirements for levels of genetic polymorphism at different spatial scales. At ISEM, amplifi cation trials were performed on seven individuals from fi ve populations from southern France ( Appendix 1 ). DNA extraction followed a classic CTAB protocol ( Doyle and Doyle, 1990 ) . Based on type and number of repeat units, repeat structures, and amplicon size, 32 candidate loci from the library were selected and tested separately. The PCR reactions were carried out in a total volume of 10 μ L, containing 1 μ L of DNA template, forward and reverse primers (0.2 μ M), and 1 × QIAGEN Multiplex PCR Master Mix (QIAGEN, Courtaboeuf, France). Cycling conditions were: an initial denaturation step at 95 ° C for 15 min, then 30 cycles consisting of 30 s at 94 ° C, 90 s at 58 ° C, and 1 min at 72 ° C, followed by a fi nal extension of 30 min at 60 ° C. PCRs were conducted on Eppendorf Mastercycler pro, Mastercycler nexus gradient (Eppendorf, Hamburg, Germany), and Techne TC-5000 (GMI, Ramsey, Minnesota, USA) machines. Amplifi cation products were visualized with agarose gel (2%) with ethidium bromide stain. Due to inadequate amplifi cation yield, low specifi city, or unexpected size, only 15 markers were kept. Forward primers were labeled with one of the FAM, NED, VIC, or PET fl uorescent dyes (Applied Biosystems, Waltham, Massachusetts, USA). PCR products were analyzed separately through electrophoresis on an ABI3130 Genetic Analyzer (Applied Biosystems). Nine loci were fi nally retained based on presence of polymorphism and quality of profi les. At Evo-Eco-Paleo, 20 primer pairs corresponding to 20 additional loci from the library were selected. They were tested separately on 23 individuals scattered in the European species range ( Koch and German, 2013 ; Appendix 1 ). Total DNA was extracted using the QIAGEN DNeasy kit (QIAGEN). Extraction and test PCR were performed according to Godé et al. (2012) . Each primer pair was tested using FAM labeling. PCR reactions were carried out in a total volume of 10 μ L, containing 1 μ L of 1/20 diluted DNA template, 2 μ M of forward and reverse primers, and 1 × QIAGEN Multiplex PCR Master Mix. A fi nal set of eight markers was selected based on the quality of genotyping profi les, compatibility of amplicon sizes for multiplexing, and relative positions on the genome ( Table 1 ) . Genomic positions of microsatellite loci were determined by BLASTN searches of microsatellite fl anking sequences against the Arabidopsis thaliana genome and by using the synteny among chromosomal blocks determined for different Brassicaceae species and the ancestral karyotype ( Schranz et al., 2006 ) .
Screening of the new microsatellite markers -All forward primers were labeled with fl uorescent dyes, and markers were combined in multiplex PCR based on size compatibility and annealing temperatures ( Table 1 ) . Primer dimerization was checked using OligoAnalyzer 1.0.3 (Integrated DNA Technologies, Coralville, Iowa, USA). In addition to newly defi ned markers, four previously developed markers (Tc-up1, Tc-up2, Tc-up4, Thlc3; Basic and Besnard, 2006 ; Jiménez-Ambriz et al., 2007 ) were added to the multiplexes to increase the number of available, multiplexed markers (results not shown, see Table 1 for details). However, due to differing annealing temperatures, Tc-up1 and Tc-up4 were processed in separate PCR and added in the post-PCR steps.
Seventy-four individuals from four populations ( Appendix 1 , identifi ed as "natural populations screening") were analyzed. DNA extraction followed the protocol from Doyle and Doyle (1990) . The PCR reactions were carried out following the protocols described above: ISEM section for the fi rst (NcM1) and second (NcM2) multiplexes, Evo-Eco-Paleo section for the third (NcM3), except that forward and reverse primers were mixed (concentrations in Table 1 ). Three microliters of diluted PCR product (dilutions in Table 1 ) were transferred in a mix of 15 μ L of Hi-Di Formamide (Applied Biosystems) and 0.15 μ L of GeneScan 500 LIZ Size Standard (Applied Biosystems). Raw data were analyzed using GeneMapper (version 5.0; Applied Biosystems). Automatic analysis and manual check of all the peaks were performed. Detection of the presence of null alleles in populations was performed with FreeNA ( Chapuis and Estoup, 2007 ) . Two new loci (Ncpm31 and Ncpm07) harbor null alleles, with frequencies between 10% and 15%. Expected heterozygosity, intrapopulation fi xation index, and linkage equilibrium tests were computed using FSTAT (version 2.9.3; Goudet, 1995 ) , and observed heterozygosity was computed in GENETIX (version 4.05; Belkhir et al., 2004 ) . No linkage disequilibrium was detected between loci (with Bonferroni correction). The number of alleles for each locus ranged from fi ve to 18 ( Table 2 ) . The observed heterozygosity per locus and per population ranged from 0 to 0.83, and the expected heterozygosity ranged from 0 to 0.89. Hardy-Weinberg equilibrium was tested in GENEPOP ( Rousset, 2008 ) , and most of the loci in the four populations were at equilibrium. This result contrasts with previous studies in N. caerulescens ( Dubois et al., 2003 ; Basic and Besnard, 2006 ; Jiménez-Ambriz et al., 2007 ; Besnard et al., 2009 ) and may be due to sample size.
CONCLUSIONS
Three multiplexes including 17 new and four published microsatellite markers were developed and validated in natural populations. These loci exhibit substantial polymorphism within and between populations. They should provide suffi cient power to study population structure and mating system, and to infer demographic history at different spatial scales.
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